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| (57) Abstract 

This invention relates to an integrated 
| building control and iriformation system with 
wireless networking, including the controlling 
and/or monitoring of various building devices 
or appliances such as air conditioning, lighting, 
temperature, humidity, etc., including prati- 
cally any environmental condition or mechan- 
ical operation. Also, the invention relates to 
a system which includes a vendor tracking 
system comprising an industrial operator in- 
terface, with communication, local data pro- 
cessing, and data storage capabilities, which 
provide an efficient information resource for 
service and product control. Additionally, the 
invention relates to a system including a util- 
ity monitoring and/or control system to mon- 
i itor and/or control the facilities utilities such 
as electricity, gas, water, steam, etc, through 
revenue and non-revenue rated metering de- 
| vices, allowing real-time demand side util- 
ity management through the controlled equip- 
ment Additionally, this invention incorpo- 
rates a wireless interface, of any combination 
of sub-systems, to increase the coverage area 
to include remote locations, within a radius up 
to 10 miles, and/or large facilities which ex- 

I services provides a substantial savings and effective use of limited natural resources. 
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INTEGRATED BUILDING CONTROL AND 
ffl »N rvrtfm WIT" ™™ vss NETWORKING 



TFr H NT rfr T PTF J Ff OF TP* 7 TNVFNTTON 

This invention relates to an integrated building control and information system, including 
the controlling and/or monitoring of vanous budding devices or appliances such as a. conditioning, 
Ughting, temperature, humidity, etc., including practically any environmental condition or 
mechanical operation. Also, the invention relates to a system which includes a vendor tracking 
system comprising an industrial operator mterface, with communication, local data processing, and 
data storage capabilities, which provide an efficient information resource for service and product 
control Additionally, the invention relates to a system mcluding a utility momtonng and/or control 
system to monitor and/or control the facilities utilities such as electricity, gas, water, steam, etc. 
ta^,^.^-^*^ allowing real -time demand side utmtymaru.gemeat through 
the controlled equrprnent Multi-sue utihty momtonng enables aggregation of several locations into 
^vrn^a^^^^^^- Such a system precisely monitors energy 
consumption and enables accurate charging of the users in a multi-user building or compound. 
Additionally, this invention incorporates a wireless interface, of any or all system components, to 
mcr ease the coverage area to include remote locations, within a radius up to 10 miles, and/or large 
facilities which exceed the limitation of hard wired components, resulting in cost reductions for 
1I ^ 0 nandrnamt e nan«. In facilities such as shopping malls, office buildings, commercial and 
industria l complexes, the consolidated central management of energy consumption, building 
equipment, lighting, envrronmental control, and vendor services provides a substantial savings and 
effective use of limited natural resources. 
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RMT ranTTMn OF THF INVENTION 

Building management systems do exist in buildings today. An example of an existing 
building management system is the Novar building management system that has the capability of 
environmental monitoring and mechanical control. The system architecture allows for a very 
flexible application of monitored inputs and controlled outputs. Sensors provide an interface to the 
monitoring input, such as thermistors, transmitters, timed contact closure, and various transducers. 
The controlled outputs are used as pilot control circuits to interface with relay devices, such as a 
contactor that contains a 24 volt magnetic coil. A thermostat completes the 24 volt control circuit 
which causes the contactor to close, starting the compressor. Another output is an analog signal such 
as a 4 to 20 milliamp current sink or source. 

The existing Novar system is based on a master/slave communication network, the R5M85. 
The master coordinates all communication and is connected, by wrre or fiber optic cable, to all slave 
modules . The master also provides the process commands that cause the slave modules to control 

the connected equipinent 

For example, an air conditioning unit is interfaced to a slave module thereby removing the 
thermostat The slave module processor has certain default settings for fan and room temperature 
which causes the compressors or heat element to cycle on and off while the fan runs continuously. 
When the slave module is connected to the Master, via a RS^85 digital network, the slave functions 

can be expanded to scheduled on and off times, setpoint adjustments, enthalpy control, and 

customized responses to other controlled equipment performance. 

Another example o f an existing building management system is described in the brochure 

"IPS 800 Ughting control system" published by Philips Ughting. In this system each appliance, 

suchasaLurrnnai^ 
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each ap pl i^ i sco,WUcdby.U^ 

^ Kgda^ by ^ ^ <be ««na M «n,l ^ Tbe local contioUets comprise Ike 
Dece ^ d ^fbr»^se^« W li^»»^'«»''- Anoc«m«ofto^ 

^^^.cr^eofmedesh*^ 

m.^byapoaml.ntremot^lo^ 

bos. F,^,*.!=>ow»sys«.lk»s.ddM^ 

semois. such as . piese.ce detector, a thermometer or a light sensor. 

^taowoboild^trtfr^ system. smt^le for src^eompkxes such as shop, 

^aama.ts.rstheB.tiB^ 

MB40Fn.ce. k this system e^Ba^ludeshaowal^ 
to.tacomrmmicaoor.bm. Secmityardal^caobcmcorpo^^ 

to the kr»™ systtms. the local cmfflollers and me guanoes are «»ne«ed to the 
^^c-io.busb,^. fc .^d*»b^««--*l«-l*-**''«*-** 
.spacesareotocfcrnged. Cr^^^^-^^ 0tte ^ lil ° M '' nl 
^.^d—...*^"— ^ To achieve, flexible floor l^at low 
^.mmta^ofwh^mu^walUist^ Ho^.ttis^re q m K db, m e»ser..f. 

preda ^^orayi.um«e fa ble. In all the above sysfcms. mo cuneo. problems 

c^axesep^byor^uamdfbet. llM& «loc I u1o.r^aNovarsys M wh tt eo» ! e= m d 
^m+**~-+**"l~ The secc*! store hK^^um clear!, herefrom 
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theenergy savings ofaNovar system, however, the cost tonmacableispxohibitive. AddMonaUy, 
the building architecture could make such a wire connection nearly impossible, let alone cost 
p^hibitive. Tte pnor art necessitated another master be installed rath, than add more slave 
mod ules to the existing system. Energy savings are thereby offset by the cost of a systemand 

assocatedmstallanon, and the recovery of those costs precedes financial benefit of energy savings. 

The installation of a complete master/slaves) communication network caused many facilities to 

forego the use of such systems based on time to recover initial investment 
Altematively.theven^ 

* an entirely novel part of an embodhnent the present invention. Single single site vendor logging 
^mandtime^utcanbe 

tfaneclocksystems. However, the expense of installing and .^a^m***-**-** 
iocations, using wired digital networks, has made this device economically impractical in the past 
T^sy^commumcauona^ 

exist when wu. section are used. An example of this system communication architecture is a 

device manufactured by Maple Systems. 

xmrnvtt^*^**^"*' An exampleof an exiting utility 
vB^^tto&WU-*-***-- TheaxcmtecmreofMstypical 

Autmtync^tn^,and/ortr^ 
isappUedtomeinconnngutmtyservicewm^ This provides an analog signal, 
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function for any utility system is data storage, or memory capacity. The data must be maintained 

for periods of time often exceeding 60 days. 

The prior art has addressed the issue of site data gathering through several means. As 
described, the mterlane system employs analog signals, other systems have used power line carrier 
waves, injecting commumcation onto existing electrical lines. Another prior method has been 
through Ultra High Frequency, UHF, and 900 Megahertz transponders. 

All of the above methodology has succeeding in facilities occupied by a single tenant or 
owner occupied buildings, and those structures with largely open floor plans. The prior art has 
SUCC eeded in single site apphcations trotting data to the exterior of the building or structure for 
utility gathering purposes of local utility providers, thus improving the efficiency of data conectkm. 

However, the present invention embodies the high data throughput capacity to handle 
multiple site inputs combined with multiple sites. The limited number of inputs is predicated on 
.educing the cost of each respective system, since severe physical limitations exist for analog 
^tems, the system must be reduced to entice the moderate size facility, 10,000 to 50,000 square 
feet Although the main processor is capable of handling more information, the successful systems 
have downsized its input capability and consequently, the cost 

The systems which employ power line carrier wave technology have encountered market 
Stance from primarily multi-tenant facilities and property management service personnel. The 
application of c^urucation bridges across service panels and transformers, which is necessary to 
utilize the entire electrical distnbution system as a commumcation network, has caused concern of 
bom electrical failure and interference with connected electrical appliances and/or devices. Bom 

issues are liabilities of this prior art 

UHF/900 MHZ transponder systems have succeeding in short range application, typically 
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within a smgle fecmty of mediate S1 ze. THe prevalence of outside interference for both frequency 
ranges has been the paramount obstacle. The power output of the radio transceiver most be 
incre ased substantially to penetrate these mterferences, which creates sue licensing requirements by 
the Federal Communication Commission, FCC. 

^application of 2.4 Gigahertzmicrowaveradio frequency, combined with spread spectrum 
and frequency hopping technology mcreases the resilience of low power transmission to outside 
mteT ference. Spread spectrum provtdes multiple frequency broadcast, whose propagation 
charactenst ics are best represented by a dome. Tte c^ter band, or peak of the dome, represents the 
optoumoumutpowerofmetransnutter. The sloping sides of the dome represent the additional 
transnussron bands, or frequences, as they descend in strength. This invention employs a total of 
15, distinct transmission bands, although this can be modified based on transceiver. Frequency 
topping dynamically redefines me center band, or pe^ of the dome. ^ necessitates an algorithm 
toreahgnme spread, or d* This invention clearly is 

an nnprovexnent of the pnor art through a new, and unique combination of microwave technology, 
aovancedlogiccapabin^ 

various data collection devices. 

The present invention embodies several advantages over the conventionally wired 
sub-systems, of which the integration is also new, is part of this invention. The limitations which 
exist foraUhardwire systems is inhe^ 

cost considerations are primarily labor related, although in certain instances, the cable can be quite 
costly. First, the labor factor, or installation cost directly attributable to personnel, must be weighed 
against the equipment cost Tne advantage of this invention is the economic incentive which it will 
provide in large facilities or compounds, such as a shopping mall. 
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A business establishment within a shopping mall can benefit from reduced utility costs and 
oew management iiiformation resources. The present system offers an economical advantage to the 
establishment by proving increased building efficiency and management control and information. 
If a shopping mall or other building complex uses independent or stand alone installations of each 
prior art sub-system, the cost is increased thereby increasing the time for return on the investment 
Typically, such capital investments are based on 5 years, or less, for the return to be realized. 

There exists several benefits of employing the configuration and wireless network of this 
invention. Within a single location, the costs associated with cable installation may prove 
econormcaltouseofawirelessnetwo* Although, the overall cost 

may be less to run cabling within the site using the pnor art system architecture and equipment, but 
the benefit of the wireless application becomes obvious when additional locations are considered. 
The wireless network of the present invention provides an adaptable format for much system 
expansion. 

The installation cost to add an additional location or site is typically much more due to the 
structural design of the location, whether it be the underground installation, which may -quire 
extensive destructive and/or nondestructive investigation to find the best path, or the 
aestJ^cs/cosmeticsofmestn^ Hence, the prior art reverted to independent systems which 
require a new base or master in each location. This again resulted in escalated costs as a 
consequence of only a short distance or physical separation of the sites. 

Due to sophisticated bunding design and architecture, is often not feasible to physically 
interconnect multiple locations within the overall structure. For example, a shoppmgmall designed 
with large glass enclosed atriums and inner^ity installations. Conversely, large distances between 
sites createasimilar barrier. Also, an commercial, office or mdustnal park is often configured with 
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many free-standing structures. These structures are maintained and/or operated by the property 
management group, which is required to treat each facility as independent unless substantial 
mvestment xs made into underground or overhead networks. Such networks, fiber optic or cabling, 
is economically prohibitive to many developers. Furthermore, use of public utilities, such as 
telephony devices, incur repetitive expenses, also making the prior art methods using independent 

systems very cost prohibitive. 

In contradistionction, an added benefit of the system of the present invention is the inherent 
distribution of the system cost as additional locations are added Tne base, or master, system of trus 
invention is a fixed, one time expenditure which, based on this invention, can adapt to additional 
location without consequential base hardware costs. Therefore, additional stores reduce the actual 
cost of the base system based on the number of locations set up on the wireless network. 

The prior art methods and systems required a recurring base (or master) which, in turn, 
repeated the hardware cost, in addition to the associated slave modules and control devices. This 
**^*to^«**V^*^ Once the system of this invention is installed 
in one geographical area it creates an ornmdirectional and/or directional network capable of 
s^rtmgdissh^ ™* ^further reduces the overall 

system cost 

Also, this invention used as a "shared tenant services" provider in any of a number 
of large, multi-tenant complexes to provide such services as telephony, video, etc. The system of 
this invention can bypas the local communication network, such as phone service, cable service, 
security service, etc., and can actually become a service provider such as a security service. 

Finally, due to the progressive des lg n of this invention and its compatibility with associated 
technologies, several alternate sub-system formats can be employed. As discussed herein, the high 
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^ dm nue of mioowve radio .—ioaa predion fc development. Urge 
nnc^ve d*» srauons have been e^oyed fcr h«h public and pW-e 

Sud. i— -* "* ^ ^ 

is another novel feature of this invention. 

T11MMft° v "' , ™' lwvw ™ M 

The present invention relate* to . wirelea, building control and infonnadonsys^th. 

^orn^^operrfon. Addi^^^^i-^'^"^ 

^^proces^^^e* Sucnasys^isdeagnrffcruaea,*. 

^, m ^*y^oflargebuild i ag» > su=h» 

offic. bandings, fcdu*ial complex* etc. and Mi- • — ^ air 

K ^ ia ^, n nUnon.e* fc »^■.-*.^-'--«-' , -**•" ,,,,, 
--i ^«.-^.^•■~••^^•^'~ , ' ,, " ,,,,,,,n * , 

,«^-.«*.---*l*---«*--- T,,, - , * h '- ,, * -,, "**' f 

^ and cos*. Such a _ I—T — -W — »*■ - ^ 

^oftausersm.mu^lnMiu* S^abuudh^tna^gernen.sy^au.l-used 

, tope a k sav tag p^ SHto coa,l,«id.^^^°'- d ^ WB ^ P ° TC 

consumption below as agreed maximum level 

Ttefoll ^p r e S e^.brMs W ofd«prea«.i=ve«io». M discuss* above, the 
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present invention relates to a building management control system including vendor tracking 
capability. More specifically, tins mvention relates to a wireless control system that controls the air 
conditioning, lighting, temperature, humidity, etc., practically any environmental condition or 
mechanical operation can be controlled and/or monitored through the appropriate interface or sensor. 
Additionally, the wireless system incorporates a vendor tracking system comprising an industrial 
operator mterfece tenninal (i.e. essentially a keypad and display screen) with some data processing 
and storage capabilities. This operator interface allows programmable menus to direct a vendor 
through a series of questions and/or statements, some of which prompt a response. The response is 
^throughadesign^ This variable 

ism^storedmad^tab^ 
to transmit this data. 

It is therefore an object of the present invention to provide a wireless building management 
control system that controls the appliances in a large complex (i.e., a mall an office building, an 
industrial complex, etc.). An advantage of such a system is that it does not require rewiring when 
appliances are displaced, additional appliances are added or appliances are removed ftom the 
particular space. The system thereby allows flexible positioning of appliances together with 

maximum control by the system. 

To this end, a system according to the present invention is cr*racterized by slave modules 

con ^arec«ver^ 

coupled to the communication bus for wirelessly transmitting signals to all (or specifically selected) 
slavemodules in response to signals from the communication bus. The communication or control 
signals that are emitted by the control system to the slave modules are transmitted via a 
c^unication bus to a location near the appliance to be controlled and/or monitored. From there, 
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the signals are wxrelessly transmitted to the appliance. Wiring for the last several meters towards 
the appBance is not required and die exact position of the appliance, provided it being within reach 
of flxe signals transmitted wirelessly by the slave module, is of no relevance to the transmission of 
these signals. Adding a new piece of equipment in the space, for example a ceiling tan or air 
conditioner, does not need an extension of the communication bus to the new piece of equipment 
in order to incorporate it into the system. 

Thetrau^onderir^yte^ 
appliances used within the framework of a building management system. Transponders can be 
fixedly arranged at regular distances inside a building, for example in the ceilings, and no wiring 
changes are needed when the internal layout of the building is changed. Several appliances can be 
reached simultaneously and served by signals from one transponder. 

An embodiment of a system according to this invention is characterized in that the 
tender mcludes a transmitter for generating signals for wireless transmission, and a processor 
for conversion of signals received via the corrommication bus into a format suitable for wireless 
t^ssion. Herdr, the processoris arranged to hold b^ 

the appliances by the wireless transmission of signals via the transponder. Also,ihe system can be 
nodular, inomerv^ttecentndc^ 

thekirdofsignalsnec^ m addition, an appHance 

is to be addressed via its transponder, so the appliance itself need not have a unique address within 
thecomplex. Interchanging of appliances between different rooms is thereby facilitated. Also 
si^onthecommum^ 

tender will not be transmitted to those appliances. Further, in a large complex many signals 
are trar^tted via me communication bus. Therefore, unnecessary acuvahon of transmitters and 



-11- 



SUBSnTUTE SHEET (RULE 26) 



WO 99/45445 



PCT/US99/04666 



possible unintentional activation of an appliance by a combination of "background" signals is 

avoided. 

Additionally, the building management system according to the present invention serves a 
number of appliances while each transponder only serves a limited number of appliances. As 
a further advantage, the transponder includes a "filter" to allow transmission by the transponder to 
occur at a lower rate than communication m me bus, making the system as a whole faster because 
deferent transponders may be transmitting different signals concurrently. 

A preferred embodiment of a system according to the present invention comprises a plurality 

of slave modules thai ar^ 

reception of signals. Also, the master control module comprises a transmitter and receiver for 
^^^^S^™*^ Two-way communication between the control system 
a^meappliar^.mereforepossible. For example, the processor may request status mformation 
from the appliance or the appliance can signal malfunctioning. 

Another embodiment of a system according to the invention is characterized in that me 
system further comprises a portable remote control unit for wireless transmission of signals to the 
nuances. The occupant in a room can change the ^ of . dta* 
communication with the control ^ ^ rfd^ W - th. «-—*-»- 
Preferably, status information about me new setting is sent to the control system, immediately or 

upon request 

!n addition this embc^ 

tnatt^shvemodulecomprisesa^ 

co^l unit and in that the slave module comprises a device for retransmission of a signal received 
fro* the remote control unit, via the communication bus or via the slave module's wireless 

•12- 
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transmitter. Communication between a user or occupant of a building or room and the control 
system is done via the slave module and the convocation bus. No other way of communication, 
such as calling a system manager or operator, would be necessary. This is, for example, desirable 
when an individual store (or room in an office building) is used outside normal hours to inform the 
system that lighting and heating should stay switched or, In a more developed embodiment the 
processor in the slave module and/or the control system can be (programmed via the remote 
control unit Retransmission of received signals via the slave module's transmitter allows 

amphfication of signals emitted by the remote control unit to ensure proper reception by the 

appliances. 

An embodiment of a building management system according to the invention is further 
characterized in that the slave module comprises means for filtering and modification of a signal 
received from the remote control unit prior to its retransmissior, Herewith, it is possible to use a 
simple remote control unit, whereby the appliances which are activated by use of the remote control 

unit are selected by the control system. 

A further embodiment of a system according to the invention is characterized in that the 
remote control unit is prodded with a reefer for receiving signals wirelessly transmuted by the 
slave module and a display for displaying thereupon messages transmitted by signals. Two-way 
communication between the slave module and a remote control unit allows the user of the remote 
control unit to obtain information about the building management system and me status of me 
appliancesr^hrm. It is known, for example, from GB-A2166328, that information is transmitted 
about the status of a device to a remote control unit via a communication bus and a transponder. 
However, in the known system the equipment is directly connected to the communication bus and 
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is not a building management system and does not comprise a control system. 

A preferred embodiment of a system according to the invention is characterized in that a 
slave module comprises an infra-red transmitter, and the appliance compnses an mfra-red receiver 
andtheranobetween^ 

power for activation of the receiver is at least of the order of magnitude of IflP. In order to allow 

a^ngedin walls. Internal walls are easUy removable, while external walls may be too far away 
from the appliances in a building, therefore the preferred place for a slave module is in the ceding. 
As the receiver in an appliance should be reached also by a remote control umt held at about one 
me ter above me floor any^ 

receiving signals from the direction of the transponder. In this embodimentthe transmit in the 
transponder emits a signal sufficiently strong that eve. after reflection at surfaces of equipment or 
at the walls the signal is successfully transmitted, ^e indict ratio aUows a transmission pa^ 
with a length of about 6 meters with a 90% energy loss due to reflections. It was found that this is 
sufficient for a conventional office environment 

As a solution to the shortcomings of the prior building management systems, the present 

invenuonprovi^ 
^tr^yres*!^^ 

.W'controlumt.asweUasthemte^^ ^ 
p^t utilizes a wirele* tra^ttexAeceiver which uses the 2.4 Gigahertz, microwave, radio 
fr^encyband. Tins technoLogy * proven as reliable with excellent interference resistance, and is 

disclosed herein has been accomplished by fc.^.d*!— 
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transmitter/receiver, which will be referred to as the ' Vireiess device" for the remainder of this 
application. 

First, the Novar RS485 data network master/slave communication protocol was converted 
toaRS-232format The RS-485 is an asynchronous, multi-drop data commurucation method, 
typically havmg more than two devices attached. This method of communicatron ls very efficient 
for small amounts of data transfer over long wire runs (eg., several thousand feet). Here, each slave 
module is assigned a specific address or number. The data is sent out on the network with the 
address as the leading piece of data, modules will ignore any information without it's assigned 
address. However, modules cannot communicate between each other. 

On the other hand, the RS-232 is a synchronous or an asynchronous communication usually 
betweentwodevic^suchasao^ This method of commumcation 

is very effiriait for large arr^untsof data over ve^ Tbescto ^ 
the RS485 to RS-232 conversion is necessary to accommodate the mterracing of modem equipment 

on the Novar RS485. 

Second, the wireless device is able to packetize, or bundle, the converted data for 
trans mi S sion. Tms is accomplished by establish^ 

and maximum daU size fmm me Novar system ^ down t0 

bit With this format, certain code is added to the front and back of each packet This code is 
necessary for the receiving wireless device to recognize, accept and remove the added pieces of 
code. The remainmg data 1S .denncal to the data onginally product by the Novar system and is 
now sent through an RS-232/RS485 converter, and subsequently, through the wire connected to the 
slave modules. Once this data is received by the slave module, it generates a response which is 
t^n** m 1^i***B*>* This entire process should occur withm a very short tirne 
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(eg., fifty milliseconds) or the master will designate a communication failure. 

Another object of the present invention is the integration of a vendor tracking system into 
the 'Wlcss" network briefly desenbed above by simulating the same speed and data format of the 
Novarsystem. Smce this network is an RS485 configuration, the information sent over the network 
for the vendor tracking modules will be Lgnored by all other devxees. The vendor tracking master 
separate computer/processor serves as the adrnirnstrator of the injected mformatior, Tire pauses or 
gaps between the Novar data transmission are used for the vendor tracking system data 

connnunication. 

Altemanvery.thev^ 

with known customer profiling apparatus and methods. Some of these comprise methods for 
selectively dispensing discount coupons as described in U.S. Patent Nos. 5,612,868, 5,173,851, 
4,910,672, 4,723,212 and 4,882,675, and automated purchase reward systems as described in US. 
Patent No. 5,056,019. 

As alternative embcxiiments of the system of the present invention, briefly described below 
are several specific embodiments in accordance with the present invention, none of which are 
deemed herein to be a more preferred embodiment over any other embodiment. 

The present invention provides an integrated building control and information system 
uprising, first, a central processing unit, port combiner, master controller, slave controller 
nKxlules.utwtym^^ 

radio transnntteryrecerver, data conversion circuitry, and utility node(s) simulator. Second, the 
present invention provrdes a satellite-mtegrated building control and information system c.rnprising 
asatemtemioowavet^^ 

slave controller modules, utility monitor node(s), and utility monitor node(s) analog to digital 
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conversion circuitry. 

Controlling and/or monitoring of various building devices or equipment such as heating, 
ventilation, air conmu^ 

practically any environmental condition or mechanical operation is an object of the present 
invention. Additionally, a vendor tracking system comprising an industrial operator interface, with 
communication, local data processing, and data storage capabilities, which provides an efficient 
^nation resource for service and product control. Facility momtoring of utilities such as 
electncitv, gas, water, steam, etc., through revenue or non-revenue rated metenng devices, allowing 
real-time demand side utility management through the controlled equipment Also, this system 
incoip ^ a wireless m 

area to include remote locations, e.g., up to 10 mile radius, and/or large facilities which exceed the 
Umitation of hard wired components, thereby resulting in cost reductions for installation and 
maintenance. 

Alternatively, the present invention proves an integrated building control and information 
syste* comprising a central processmg unit, port combiner, master controller, slave controller 
.nodules, utility monitor, utility monitor node( S ), and vendor tracking slave modules. Controlling 
and/or momtoring of various building devices or equipment such as heating, ventilation, air 
boning, Ughting, temperature, humidity, pedestrian traffic flow, etc. including practically any 
environmental condition or mechanical operation is an object of the present invention. Also, a 
vendor tracking system comprising an industrial operator mterface, with commurucation, local data 
processing, and data storage capabilities, provides an efficient information resource for serv.ee and 
product control. Facility monitoringof utilities such as electricity, gas, water, steam, etc., through 
revenue or non-revenue rated metering devices, allows real-time demand side utility management 
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through the controlled equipment 

Another alternative of the present invention provides an information system comprising, first, 
a central processing unit, vendor tracking slave modules, master microwave radio 
transmrtta/receiver, data conversion circuitry. Second, thrs invention provides an information 
system compnsing a satellite microwave trans^tter^ver, data conversion orcuitry, and vendor 

tracking slave modules. 

Ja this embodiment, a vendor tracking system comprising an industrial operator interface, 
with communication, local data processing, and data storage capabilities, provides an efficient 
i^on resource for service and product control. Additionally, this system incorporates a 
wireless interlace, of any or all system components, to mcrease the coverage area to include remote 

toc.tions.e.g.upto lO^u^M^r**^^^* 1 *^^^ 

components, resulting in cost reductions for installation and maintenance. 

Alternativelv, the present invention provides an information system comprising a central 
processing unit and vendor tracking slave modules. A vendor tracking system comprising an 
5 industrial operator mterface, with communication, local data processing, and data storage 
capabiliues, provides an efficient ^formation resourc* for semce and product control. 

Yetanotheraltenurivee^ 
^ comprising a master controller, slave controller modules, master microwave radio 
^r^^^^on^. Controlling and/or monitoring of various 
20 bonding devices or equipment such as heating, ventilation, air conditioning, lighting, temperature, 
humidity, pedestrian traffic flow, etc., including practically any environmental condition or 
.^•p^b-^rftti"^ AdditionaUy.thiss^ 
iMerface^yora^ 
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eg., up to 10 mile radius, and/or large facilities which exceed the limitation of hard wired 
components, resulting in cost reductions for installation and maintenance. 

Yet another alternative embodiment of the present invention provides an integrated utility 
mo mtonn g system con,™, first, a master nncrowave radxo tnu^tte^ver, utihty node(s) 
sun ulator,uuUty m onitor,ut 1 Htyrnorutornode(s). Sec.^ & e pre s^t 1 nvent 1 onprov 1 desasateUit e - 
m tegrated utility momtonng system composes of a satellite nncrowave transrnitter/rece.er, utility 
monitor node(s), and utility monitor node(s) analog to digital conversion circuitry. Facility 
monitoring of utilities such as electricity, gas, water, steam, etc., through revenue or non^revenue 
rated metenng devices, allowing real-time demand side utility rnanagernent through the controlled 
equipment is an object of this aspect of the present invention. 

Yet another ernbodim^ 
^onsystemconmrish^ 
u^tymo^utmtym.^ 

cin^tr y ,andutmt y node(s)s^ulato, Second, the present invention provides a satellite-integrated 
building contn>l and information system composing a satellite nucrowave transmitter/receiver, data 
co^on^try.s^ 

^ og to digital c^nve^on circuitry. Controlling and/or monitoring of various building devices or 

eq^suc** 
^flow^m^ 
object of this invention. 

Facility monitoring of utilities such as electricity, gas, water, steam, etc., through revenue 
or non-revenue rated metenng dmces, allowmg real-time demand side utility management through 
mecontroUede^nupment Additionally, this system mcorporates avoreless mterface, of any or all 
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sysB m components, to toons- the enrage » <» i— i — lo^™*, e-B-. *P » ><> 
^an^largetMnesv^che^^ 

reductions for installation and maintenance. 

Yetan^ererot^tofthepr^hrven^^ 

«^-«*r— I"™** Co^fflag^nK^v^buU^da^ 
oi equipment such as heating, ventilation* air conditioning, lighting, temperature hmnidUy, 

op ^i,a„^«ofmUi ma moa »m r m*^***mm*'*»***'~~* 

u^Uty management through the controlled eqitirment 
Y e,^«»n«iimen.ofth.pr«ontinv^ 

vendor taking slave modules, master microwave r^o trausmit^v*, and da. 

* informaion svsfcm comprising a — ,^crow«. unnsnn^rec^. dm c»™^ 
circuitry, vendor tracking stave n M duU*arJ^c«mr.llern M 4ue 5 . 

C^Un*ar*or meaning of var^ 
v ^aircor^oning.«ghn»^ 

pt ^an,environn M n«dc^ A 
...^arfdaasn^capabU^ 

^controL iU.lhW* *^ 
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components, to increase the coverage area to include remote locations, e.g., up to 10 mile radius, 

and/or large facilities which exceed the limitation of hard wired components, thereby resulting in 

cost reductions for installation and maintenance. 

Yet another embodiment of the present invention provides an integrated building control and 

infonnation system comprising, first, a central processing unit, master controller, slave controller 
modules and vendor tracking slave modules. Controlling and/or monitoring of various building 
devices or equipment such as heating, ventilation, air conditioning, lighting, temperature, humidity, 
pedestrian traffic flow, etc., including practically any environmental condition or mechanical 
ononis an objectofthisinventior, A vendor tracking system comprising an industrial operator 
interface, with communication, local data processing, and data storage capabilities, provides an 
efficient information resource for service and product control. 

Yet another alternate embodiment of the present invention provides an mtegrated building 

control ar^mforn^onsystemconu^ 

monitor nod*)*, vendor tracking slave modules, master microwave radio transmitter/receiver, and 
^conversion circuitry. Second, the present invention provides a satemte mtegrated buudmg 
control and infonnation system comprising a satellite microwave transrnitter/rec«ver, data 
conversion circuitry, vendor ^^-od-*-DI^«»*or-^-^"^ 
node(s) analog to digital conversion circuitry. 

Facility monitoring of utilities such as electricity, gas, water, steam, etc., through revenue 
or non-revenue rated metering devices, allowmg real-time demand side utility management through 
l.*^*^*-*********^*^ A vendor tracking 
system comprising an industrial operator interface, with communication, local data processing, and 
datas^gecapabi^^^ 
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Additionally, this system incorporates a wireless interface, of any or all system components, to 
increase the coverage area to include remote locations, e.g., up to 10 mile radius, and/or large 
facilities which exceed the limitation of hani wired components, thereby resulting in cost reductions 

for installation and maintenance. 

Yet another alternate embodiment of the present invention provides an integrated building 
control and information system comprising, first, a central processing unit, utility monitor, utility 
monitor node(s)s, and vendor tracking slave modules. Facility monitoring of utilities such as 
electricity, gas, water, steam, etc. through revenue or non-revenue rated metering devices, allowing 
real-time demand side utility management through the controlled equipment A vendor tracking 
system comprising an industrial operator interface, with communication, local data processing, and 
data storage capabilities, provides an efficient mformation resource for service and product control- 
The operator interfece terminal of the vendor tracking system ccmmrises a keypad, display screen, 
and resident communication, data processing and data storage capabilities. Progranunable menus 
^^^^ro^scricsof^^r^g^responsc. Ttese responses are made through 
the keys on the keypad. The variable data information is stored in the master computer (CPU, 
controller, or utility monitor).It is an object, feature and advantage of the present invention to solve 
the problem of interfacing multiple building related and mformation systems. 

It is an object, feature and advantage of the present invention to simplify the installation of 
building related and information systems. 

It is an object, feature and advantage of the present invention to solve the problems of prior 
art communication schemes for controls systems limited to physically wired connections. 

It is an object, feature and advantage of the present mvention to provide seamless integration 
of physically wired, independent building related and information systems. 
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It is an object, feature and advantage of the present invention to provide seamless integration 
of ^dependent building related and information systems m through a angle wireless configuration. 

It is an object, feature and advantage of the present mvention to provrde seamless integration 
of ^dependent bunding related and mfbrmation systems m through multiple wireless configurations. 

It * an object, feature and advantage of the present invention to provrde seamless integration 
of non-compatible systems in a combination of physically wired and wireless configuration. 

It is an object, feature and advantage of the present invention to provide compatibility to 
BacNet, LonWorks, and other open protocol cornrnunications with other building related or 
information systems. 

It is an object, feature and advantage of the present invention to allow relocation of the 
satellite systems within the base system radio frequency propagation range. 

It is an object, feature and advantage of the present invention to allow customized radio 
frequency propagation to accommodate site conditions. 

It is an object, feature and advantage of the present invention to provide a repeatable 
microwave signal to extend system coverage. 

It is an obj ect, feature and advantage of the present mvention to eliminate the physical 
connection of master to slave module digital interface communications. 

It is an object, feature and advantage of the present invention to create a vendor tracking 

systems through physically wired connections. 

It rs an object, feature and advantage of the present invention to create a vendor tracking 

system through a wireless network. 

It is an object, feature and advantage of the present invention to create a vendor tracking 
systems through a combmation of physically wued connections and wireless network. . 
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It is an object, feature and advantage of the present invention to allow multiple site utility 
aggregation through a wireless network. 

It is an object, feature and advantage of the present invention to solve the problems of utility 
metering systems limited to physically wired connections. 

It is an object, feature and advantage of the present invention to allow multiple site utility profiling 
to elicit improved aggregated utility rates through a wireless network. 

These and other, more detailed, aspects of the invention will be apparent from and elucidated 
with reference to the drawings and embodiments described hereinafter. 

A further understanding of the present invention can be obtained by reference to a preferred 
embodiment set forth in the illustrations of the accompanying drawings. Although the illustrated 
embodiment is merely exemplary of systems for carrying out the present invention, both the 
organization and method of operation of the invention, in general, together with further objectives 
and advantages thereof, may be more easily understood by reference to the drawings and the 
foUowingdescription. The drawings are not intended to limit the scope ofthis invention, which is 
set forth with particularity in the claims as appended or as subsequently amended, but merely to 

clarify and exemplify the invention. 

For a more complete understanding of the present invention, reference is now made to the 

following drawings in which: 

FIG. 1 diagrammatically shows an implementation (i.e., within a conventional shopping 
mall) of a preferred embodiment of an integrated building control and information system with 
wireless networking in accordance with the present invention; 
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FIG. 2A shows a schematic representation of the system architecture of a preferred 
.nbodhnent of an integrated building control and ^formation system with RF satelhtc networks), 

in accordance with the present invention; 

HG. 2B shows a schematic representation of the system architecture of a preferred 
e.nbodiment of an integrated building control and information system without RF satellite 
networks), in accordance with the present invention; 

nG. 3A shows a schematic representation of the system architecture of a preferred 
embodiment of a vendor tracking system (VTS) without the RF satellite networks), as shown in 
FIG. 2B, in accordance with the present invention; 

PIG. 3B shows a schematic representation of the system architecture of a preferred 

ejnbodin ^ 

with the present invention; 

FIG. 4A shows a schematic representation of me system architecture of a preferred 
en^dime.tofthecontroUer sub-system shown in FIG. 2B, 

in accordance with the present invention; 

FIG. 4B shows a schematic representation of the system architecture of a preferred 

ernbodimertof^^ 

2A, in accordance with the present invention; 

FIG. 5A shows a schematic representation of the system archhecture of a preferred 

e^entofautilitymomtormgsys^ 

FIG. 2B, in accordance with the present invention; 

FIG. 5B shows a schematic representation of the system architecture of a preferred 

e^ertofaUMSwi^^ 
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the present invention; 

FIG. 6A shows a schematic representation of the system architecture of a preferred 
e^nbodnnentofasy^ 

system and the utility sub-system only, with the RF satellite networks), as shown in FIG. 2A; 

HG. 6B shows a schematic representation of the system architecture of a preferred 
cmbommc* of a system rn accordance wnh the present rnvention deluding only the controller sub- 
system and the utility sub-system only, without the RF satellite networks), as shown in FIG. 2B; 

FIG. 6C shows a schematic representation of the system architecture of a preferred 
en^e.t of a system m accordance with the present mvennon mcluding only the controller sub- 
system and the VTS sub-system, with the RF satellite networks), as shown in FIG. 2A; 

FIG. 6D shows a schematic representation of the system architecture of a preferred 
e^xxhment of a system in accordance with the present invention inducing only the controUer sub- 
system and the VTS sub-system, without the RF satelhte networks), as shown in FIG. 2B; 

FIG. 6E shows a schematic representation of the system architecture of a preferred 
emb odxment of a system in accordance with the present invention including only the VTS sub- 
system and die utility sub-system, with the RF satellite network^ as shown in FIG. 2A; 

FIG. 6F shows a schematic representation of the system architecture of a preferred 
ernbodime^ofasystemmaceo^ 

system and the utility sub-system, without the RF satelhte network^, as shown m FIG. 2B; 

FIG. 7 is a block diagram showing a preferred embodiment of the remote communication 
function in accordance with the present invention; 

FIG. 8 is a block diagram showing a preferred embodiment of the CPU network data 
operations in accordance with the present invention; 
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nG . 9 is a block diagram showing a preferred embodiment of the RF network protocol 
function in accordance with the present invention; 

nG . l0 is a block diagram showing a preferred embodiment of the RF operations in 

accordance with the present invention; 

Hailisablockdiagramshowmgapreferr^ 

operations in accordance with the present invention; 

BlBh .wl^^•p*-■ hi-rflFi,-,,-l ** ,l 

operations in accordance with the present invention; 
HG-lSisablockdiagramshowingaprete^ 

function in accordance with the present invention; 

function in accordance with the present invention; 

function in accordance with the present invention; 

PIG. 16 shows apreferred exnbodnnentof the face of a VTS input dev.ce in accordance wxth 

the present invention; 

no. v^>v^<rt^<«tete«tecn^*°*>^"*>*» 

present invention; 

H GM8C^.P»sP«^vi W of.p^««*odi^ofe K CPUd»ce( S b^ 
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its bottom, right and back), in accordance with the present invention; 

RG. 1 9 shows a preferred embodiment of the left side of the CPU device (showing all of its 
input/output ports) in accordance with the present invention; 

HO. 20 shows a preferred embodiment of the face of the RF device (either master or 
satellite) in accordance with the present invention; 

HG. 21 shows a preferred embodiment of the bottom of the RF device (either master or 

satellite) in accordance with the present invention; 

FIG. 22A shows a perspective view of a preferred embodiment of the RF device (either 
rnaster or satellite), showing Us top, nght and back, in accordance with the present uwenuon; 

FIG. 22B shows a perspective view of a preferred embodiment of the RF device (cither 
.aaster or satellite), showing its top, right and front, in accordance with the present Mention; 

FIG. 22C shows a perspective view of a preferred embodiment of the RF device (either 
n.asterorsateuiteXshowingits top, left rt^*m*^^**V^*«^ 

nG. 23 shows a preferred embodiment of the data conversion circuitry of the RF master 
p^rfor use with the wireless ^.^h^^mA^MO^^^^ 
networking in accordance with the present invention; 

FIG. 24 shows a preferred embodiment of the data conversion circuitry of the RF satellite 
p^r for use with thewireless integrated bun^ 
networking in accordance with the present invention; and 

FIG. 25 shows a preferred embodiment of the isynchronous remote communication of the 
wireless integrated building control and mfonnahon system with wireless networking in accordance 
with the present inventioa 
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tent**, adetdedillnstrative embodiment of the present mv«ti<mis<fcclosedtacm. 

ta-h ^h.*^-ta--^— <*«*-*'-'* , * , -"»-*- 

rndKaiscWembo-iiment 0-^*W**~«- t '-*'***** l * mt 

present invention! 

The Mowing presents » detailed description of a preferred embower* of the present 
Mdis c <BS edabove,.hepres««,i^ 

^h^fornseb.vari^ofcon^^orn^se.ings. For preferring to 

no — " 

wherein many retail stores having at least one RF satellite network 18 can be controlled and/or 

Mote specifically, this invention relates to a wireless BQS which controls the air 
^d^ lighting, bunndi.,, «. - pn^caUy ^ environn^ conn*, or 

wi^in^on. «l*l.^^'- irt-, ''" < ™ ) 
.^pHsing .^^^^CU.—1*.»«--*^-^ 

immmlm*-*-*—**-- Thi.^inter.ace^wspregrarnMabre 
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as a variable. This variable is then stored in a database, and the computer is polled or programmed 
to contact a remote location, to transmit this data. 

SYSTEM OVERVIEW 

According to a preferred embodiment of the present invention, the wireless BCIS shown in 
FIGS. 2A & 2B comprises several sub-systems, each of which 1S ducted in FIGS. 3-6. First, there 
lsme vendors 

FIG. 3A is vendor trackmg sub-system 317 without an RF satellite network (herernafter "VTS sub- 
svstem^. HG.SBisvendortraclringsu^ 

«VTS-RF sub-system"). Second, there rs the controller sub-system, which is shown m FIGS. 4A & 
4Bin two disembodiments. FIG. 4A is controller sub-system 417 without an RF satellite 
network (hereinafter "controller sub-system"). FIG. 4B is controller sub-system 416 with RF 
s^networlc^Chereinato 

sub-systerr^^ FIG. 5A is utility 

momtonng sub-system 517 without an RF satellite r^ork(heremafter ''utility sub-system"). FIG. 
SBisuuUtymomtoringsub^^ 
systeml . Finally.then^sbcalt^^ 

alternate embodiments of the present invention are described. These are as follows: 

nG . 6 A is an integrated building control and information system with wireless networking 
including controller-RF sub-system and utility-RF sub-system, but not VTS-RF sub-system; 
FIG. 6B is an integrated bunding control and information system without wireless 
networking including both controller sub-system and utility sub-system, but not VTS sub- 
system; 
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FIG. 6C is an integrated building control and information system with wireless networking 
including controUer-RF sub-system and VTS-RF sub-system, but not utility-RF sub-system; 
FIG. 6D is an integrated building control and information system without wireless 
networking including both controller sub-system and VTS sub-system, but not utility sub- 
system; 

FIG. 6E is an integrated building control and information system with wireless networking 
including VTS-RF sub-system and utility-RF sub-system, but not conrroller-RF sub-system; 
and 

HG. 6F is an integrated building control and information system without wireless 
networking including both VTS sub-system and utility sub-system, but not controller sub- 
system. 

toenAodimenrsAandBbriefly desert 
of the communications, rather than the CPU, while in ernbodnnents C, D, E and F briefly described 
above, the CPU is the administrator of the communications with the system. All of these sub- 
systems are described in greater detail below. 

BegiiiinrigwrmmeOT.tomfe 
function as the adrrunistrator of the communications and the VTS. The use of standard "AT bus" 
^ conrponent architecture within CPU 20 allows for me use of future firmware enhancement in 
computer technology. In the preferred err*odxment of the present invention (FIG. 2A), CPU 20 
serves as a single point of remote communication for all of the sub-systems within the present 
invention, and it monitors the activity of, and communicates through, the RJM85 wireless sub- 
network. 

Additionally, each of the controller-RF, controller, udlity-RF, utihty, VTS-RF and VTS sub- 
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systems are capable of operating indepeadenUy of each other. For example, both the controller-RF, 
and controller sub-systems' processing and module communication is operable without any CPU 
intervention. The uuhty-RF and utility sub-systems are similarly independent However, although 
VTS-RF and VTS sub-systems are dependent upon CPU 20 as its main processor or master, it is 
operable without the controller-RF, controller, utility-RF and utility sub-systems. 

With respect to the VTS, CPU 20 initiates all VTS module communication, disseminates all 
VTS data, and supports VTS remote communication. Also, each sub-system is fully operableina 
toe* hard-wued mode, :.e., wtthout any wireless radxo frequency (RF) communication (see FIGS. 

2B, 3A.4A, 5Aand 6B, D &F). 

m accordance with the present invention, the wireless communication is performed by a RF 
co„cauon system. This system comprises RF master device (RF master) 26 and RF satellite 
device (RF satellite) 36. This wireless RF communication of the multiple sub-systems is 
functionally transparent to all of me omer systern devices - that is, the other system devices function 
as if the entire system was hard-wired rather than wireless. 

With respect to the wireless commumcations, RF master 26 coordinates all logistical 
functions of RF satellite network® 18. Maintaining sub-system independence, RF satellite 
network) 18 can function without any intervention from CPU 20. Consequently, RF satellite 
network® 18 are capable of supporting the controller-RF sub-system and/or the utility-RF sub- 

system in stand-alone modes. 

In a preferred embodiment of the present invention, each of RF satellite network® 18 

requires RF master 26 operation for commumcatior* wi^ 

40, and uti%node(s)M, respectively. The RF satellite network® 18 communicate through RF 
^26 only. Therefore, each operating satellite network is unaffected by the addition or removal 
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of any other RF satellite network. 

Unlike hard-wired RS-485 networks, each wireless network, RF master 26 or RF sateUite 36, 
is capable of supporting up to 32 nodes. Currently, the maximum cable length of the hard-wired 
networks is 4000 feet for each locale - anything longer will not function. However, the use of high 
power output transceivers and/or repeaters can extend the maximum cable length, -well as the 
mc^ulecapacity.typicanyuptolZSncxles. Similarly, in accordance with the present invention, the 
total number of modules per RF master 26 or RF satellite networks) 1 8 hard wired can be expanded 
byme same tecrnxology.mereby increase 



system. 



SYSTEM EMBODIMENTS 

Turning now to FIG. 2A, shown is the overall system architecture of a preferred embodiment 
of the present invention. Specifically, shown are RF master control network 16 and RF sateUite 
network 18 (the BCIS system according to the present invention can handle an unlimited number 
of RF satellite networks 18). First, within RF master control network 16, there are several 
events which comprise the multiple sub-systems mentioned above (i.e., controller-RF, 
controller, VTS-RF, VTS, utility-RF and utility sub-systems). These components are as follows: 
convocation media 48; CPU 20; VTS module(s) 30; controller 22; module^ 32; port combiner 

hard-wired together within the master control location of the BCIS. 

Second, within RF satellite network 1 8, there are several components which comprise each 

ofir^network(s),de^ 

controller, VTS-RF, VTS, utility-RF and utility sub-systems). Ina system having the previously 
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menti0D ed sub-systems, the components of RF satellite networks) 18 are as follows: RF satellite 
36 ; VTSsatemtemo* U e(s)^^ 

converter 38 - all of which are hard-w^ together within each RF satellite network 18. Tins 
haxdware (RF master control network 16 and RF satellite network 1 8) comprises one preferred 
embodiment of the wueless BCIS communication network in accordance with this invention. 

Shown in FIG. 2B, on the other hand, is the system architecture for an alternate embodiment 
of the present mvention. Specifically, shown is master control network 17 in a stand-alone mode 
(i.e., no RF communication network 18). Here, too, master control network 17 composes several 
events that form the multiple sub-systems mentioned above. These components are: 
communication media 48; CPU 20; VTS module(s) 30; controller 22; module(s) 32; port combiner 
^utmtymoni^;^ 

control location of the BCIS. This embodiment of the present invention is, however, limited to the 
conventional, EIA, RS-485 network architecture limitations. 

Referring next to FIG. 3A, shown is an alternate embodiment of the present invention 
c^r^VTSsub-sy^n^^ 

as a stand-alone system. This erriodiment, in a stand-alone m od^ reduces me overaU system 

arcmtectureofRG^byrernovrngbom 

AppUcanonoffcesys^ 

RS^Snetworkarcbit^^ Tl.-^— i^**-*^* 1 

as follows: communication media 48; CPU 20; and VTS module(s) 30. 

Next, shown in FIG. 3B is, according to another alternate embodiment of the present 
invention, VTS-RF sub-system wim'anass^iatedRF satellite network 18. As with the VTS sub- 
system of FIG. 3A, the VTS-RF sub-system of FIG. 3B can also operate in a stand-alone mode. 
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Again, this embodiment reduces the overall system architecture of FIG. 2 by removing both 
controller-RF and utility-RF sub-systems. Application of the system according to this embodiment, 
however, is not entirely limited to conventional, EIA, RS-485 network architecture (i.e., hard-wired) 
because of associated RF satellite networks) 18. In addition to communication media 48, CPU 20, 
and VTS modules) 3 0, this embodiment requires the following components: data converter 28; RF 
roaster 26; RF satellite 36; satellite data converter 38; and VTS satellite modules) 40. 

Turning now to FIG. 4A, shown is an existing building management control system (e.g., 
a systm manufactured byNovar). This existing system corrrpnses a controller sub-system without 
an associated RF communication network (i.e., there is no RF master control 26 nor RF satellite 
network 18). This sub-system is operable as a art^i^b*********** 
locale or a few very close locales because of conventional, HA, RS-485 network architecture 
stations. The present invention is an enhancement of this system in that its provides both a VTS 
sub-system (which b^r^erb^done before)^ 

used this way before), thereby eliminating the conventional, EIA, RS-485 network architecture 

limitations. 

Alternatively, as shown in FIG. 4B, an embodiment of the present invention comprises 
controller-RF sub-system with an associated RF satellite network 1 8. Again, this controller-RF sub- 
system can function as a stand-alone system, but without being limited to conventional, FJA, R5M85 
network arclntecu^ In a stand-alone mode, this embodiment reduce the ov^ 

architecture of FIG. 2A by removing both VTS-RF and utility-RF sub-systems. As stated above, 
application of the system according to this embodiment, is not limited to conventional, EIA, RS-485 
network architecture, but rather, it is only limited by any limitation of the RF communication 
network. 
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fa addition to the components shown in FIG. 4A and listed above (including optional 
components), this controner-RF sub-system ernbodiment requires RF master 26 and data converter 
28 in RF master control network 16 and at least one RF satellite network 1 8, including (but not 
touted to) RF satellites) 36, satellite data converters) 38, and satellite modules) 42. Further, as 
with any of the sub-systems operable in stand-alone mode, a system of this en*odiment can be 
combined with any other sub-system (i.e., VTS-RF sub-system, uulity-RF sub-system, etc.) to form 
an enhanced BCIS communication facility. With respect to communication media 48, in addition 
to havmg a direct connection, according to the present invention, communication can also occur by 
remote communication (e.g., via phone line) directly with controller 22. Note, however, that when 
also mcluchngutihty-IlF sub-system 

only be used if port combiner 46 (along with a modem) is also used - utility monitor 24 and 
controller 22 require independent medias. Otherwise, two forms of communication media are 
necessary, one for controller 22 (or CPU 20) and one for utility monitor 24. 

As yet another alternative embodiment, the system of the present invention, either with or 
without associated RF satellite network 1 8 and not including VTS or VTS-RF sub-systems can be 
further limited by removing CPU 20. This embodiment will function the same as described above 
in the text correspor^ing to FIGS. 4A & 4B - the only difference being that control 22 assumes 
all of the administrator functions of CPU 20. With respect to communicauon media 48, in addition 
to having a direct connection, to also operate by remote commumcation (e.g., v» phone line) 
dirc ^withc 0 ntroUer22. Note again, however, that when either a utiUty sub-system or a utihty-RF 
sub-systems (described below and shown in FIGS. 5A & 5B) is included, one media can be used 
only if port combiner 46 (along with a modem) is also used - port combiner 46 is described in 
greater detail below. Otherwise, two forms of communication media are necessary, one for 
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controller 22 data (or CPU 20 data) and one for utility monitor 24 data. 

Turning now to FIG. 5A. shown is an existing utility monitoring/control system (i.e., a 
system manufactured by Interlane). The embodiment of this exiting system merely comprises a 
utiUty sub-system having utility monitor 24 and at least one utility node 34, but not having an 
associatedRFc^^ 

sub-system is operable as a stand-alone sys^ 

close locales) because of conventional wiring limitations for analog circuits. The present invention 
is an enhancement of this system in that it provides the addition of RF communication network, 
thereby eliminating the conventional wiring limitations for analog circuits. 

Referring next to FIG. 5B, shown is the alternate embodiment of the present invention 

comprise a utility-RF suh-system having an associated RF satellite network 18. In this 

e.nbc^t.theutihty-RFs^ 

to conventional wiring limitations for analog circuits. In a stand-alone mode, this embodiment 
reduces the overall system arcmtecture of FIG. 2A by not having a VTS-RP sub-system, CPU 20 
or controller-RF sub-system - although any of these sub-systems/components can be added to 
enhance the overall system based on the needs of the end user. As stated above, application of the 
systan according to this embodiment, is not limited to conventional wiring limitations for analog 
circuits, but rather, is only limited by any RF commumction network limitations. In addition to the 
c^nentss^ownmm^ 

1 6 and at least one RF satellite network 1 8, including (but not limited to) RF satellites) 36 and 
utility node(s) 42 - sateffite module*) 42 and s^lUte VTS nunimes 40 may be mcluded so long 
as their corresponding sub-systems are also pre sen, Wimrespect to con m umc^onmedia48,in 
addition to having a direct connection, this can also operate by remote communication (eg. via 
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phone linOdirectlywithutiUtymonitorl^ Note, however, that when also including a controller 

be used if port combiner 46 (along with a mode*) is also usee. Otherwise, two forms of 

for controller 22 data (or CPU 20 data) and one for utility 



communication media are necessary, one 
monitor 24 data. 



10 



15 



20 



CPU ARCHITECTURE 

1) power connector 64; 

2) commumcattonmediainput/oumutpor^ 

3) DB 9RS-232,RS422andRS^5four(4)portcard71havingfour(4)DB9 
serial ports (e.g. manufactured by B & B Electronics); 

4) video driver port 70; 

5) conventional 25-pin parallel port 66; 

6) circuit breaker 65; and 

7) keyboard^ serial connector card 68 having two (2) DB9 serial ports and 

two (2) circular DIN connectors. 
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cooling fan. Other conventional components may also be included, but are not mentioned here 
because they are conventional to the operation of CPU 20 and it is obvious that they would be 
included. 

Additionally, components internal to CPU 20, but not depicted in any of FIGS. 18-20, 

include, but are not limited to, the following: 

1) internal RF master 26 (note also that RF master 26 may be housed externally 
(i.e., outside the enclosure of CPU 20), in its own enclosure (see FIGS. 20-22 
and their associated text for a more detailed description)); 

2) digital to analog converter (DAC) 28; 

3) bridging circuit; 

4) Port combiner 46; 

5) Video driver card; 

6) digital conversion circuitry; 

7) remote antenna; and 

8) remote communication card. * 

First, an internal RF master 26 for use with this invention may be one of the type 
n^uf^ by Nomadic Technologies. Tnefuru*onofthein^ 

wireless RF communication with the RF satellite networks) 18. Toaccornplishtins,mternalRF 
^ 26 is connected to external antenna 62 winch transits and receives RF sxgnals between the 
RF master 26 and the RF satellite networks) 18. 

Alternatively, ua another embodiment of the present hwention, an external RF master control 

^beusedwmchaUowsremovedor^ 
CPU 20. TTuserr^entrednce.tte 
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Mtaes use of an V — icaion — * - ■ «-**- — ■"«-» Mnlbta,i, »' 
referenced herein which does not include CPU 20. 

Tte o W »i m >n*gcon»ew(DAQusedwiftte^ 

MMon* cornponaas include port combiner 46, . rid* drtver card, a tnntsiao, to 
-«*-•■'-■«-—• M c™sp^y.a»ernhodim«ofp M . 

mBB ^o,B4BE te c«nic i Mex^hof.ride.dn^c.rdteusewiU.^inven.ion 

is one manufectured by Oak Technologies. 

Abridging circuit^^ 
saf efeatureofCPU20. it cc^ of a photovoltaic MOSFET relay integ^ 

o^n^nufacWbylnt^^^ 

4 eRS^5ne tW o lk )offbur(4)portc ar d71. The PMIC opiates as a nonnally closed solid state 
^ywhichiscontrolledbyCPUZO. Upon successful start up completion of CPU 20, the PMIC 
t^*^**^*^***"***"" In the event that CPU 20 

™i closed state This enables controller or controller-RF sub-system to 
PMIC reverts to its normal closed siaie. iiu»«^ 

i nation. Also this budging circuit is applied between RS-232 DB9 ports 7 
continue its normal operation, aiso, uus w™b^ 



and 8. 



Tfce digit,! conversion cucuitr, is applied to the respective networks) (or ho* 

.^^.nddaaaowconhol. Foratnorcde^edaccountofU^dgltslconversion*^, 
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see the description below associated with FIGS. 23 and 24. 

Enclosure mounted antenna (e.g., manufactured by Nomadic Technologies), or remote 
antenna (eg, manufactured by Connectronics) includes any well known, tuneable antenna for use 
with the transmission of radio signals. 

The remote communication card provided may support alternate communication media. 
Such alternate media may include local area networks, wide area networks, fiber optics, satellite, and 
wireless radio modems. Another embodiment comprises remote communication only. This 
embodiment reduces the architecture of CPU 20 by removing video driver card 70 and 
keyboard/mouse/mouse/DB9 serial connector card 68. Local connection and cormnunication, 
however, will require interface with the remote communication card. 

In a local-cornmunication-oiily embodiment, the architecture of CPU 20 is reduced by 
removing the remote communication card described above. All system communications are then 
accomplished through the RS-232 ports. 

In both the internal and external RF master 26 enuwdiments described above, remote antenna 
positioning is an alternative to the local antenna configuration previously described. This 
configuration enables customized radio frequency propagation based on the site(s) requirements. 

CPU OPERATION 

In operation, CPU 20 serves as the administrator of all communications within the BOS 
according to the present invention. First, start-up of CPU 20 can occur via one of several methods: 

1) applying power to CPU 20 via power connector 64; 

2) manually resetting CPU 20 via the keyboard interface; 

3) manually resetting CPU 20 by mechanically removing the power to only CPU 20; 
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or 



4) afc ^resettmgofCPU20b 

power if processing activity ceases for a defined time period (which can be set by the 

user). 

Upon start-up of CPU 20, the operating system is initialized thereby enabling the CPU 
components and network support software. Then, CPU 20 breaks the RS-485 bridging circuit 
(described above in greater detail). As described above, the bridging circuit serves as a default 
connnunication path to continue RS-485 communication if CPU 20 is powered down or otherwise 
^.dered inoperative. It is important to note that alternate embodiments exist whereby CPU 20 is 
notneeded. Forexanmle,manyembc^^ 

CPU 20 is not needed because either controller 22 or utility monitor 24 could assume me 
administrator of communications functions which CPU 20 would otherwise control. However, VTS 
and VTS-RF sub-systems do require CPU 20 because neither controller 22 nor utility monitor 24 can 
operate the vendor tracking functions in accordance with the present invention. 

REMOTE COMMUNICATION 

Turning next to FIG. 7, shown is a block diagram of the remote communication function 
according to a preferred embodiment of the present invention. According to the invention, the 
nsnote conmmnication is supported by modem 50 (see FIGS. 4-6B) and supporting software. The 
ip erating system of CPU 20 contains this necessary software to facilitate data flow in synchronous, 
asynchronous, and isynchronous formats. 

As shown in FIG. 7, the internal modem card is connected with the remote communication 
modem 50 in step remote communication begin (700), wherein a carrier detect (CD) is raised. The 
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system then checks whether a CD is raised (702). If not, the remote communication is stopped 
(704). If a CD is raised, then a software subroutine is initiated by this CD (706), which then 
determmes whether modem 50 is re^vmg data remotely or not (708). If so, the internal modem 
card drops the clear to send (CIS) line (71 0) while it is receiving remote data. At mis point, the 
subroutine instructs CPU 20 to route the data received by the internal modem card through 1 of 2 
paths (712), as VTS data or controner/uuhty data. Tte leading data bit or bits of each data stream 

are referenced and controlled by CPU 20. 

First, referring to the VTS data, VTS remote communication data byte packages are 
idarafie d by a chscrete and specific sequence of leading binary values. These values also identify 

C urre ntVTSDat a Receive(CVDR)(714). The subsequent bytes are routed to the RAM (716) of 
CPU 20 for processing by the VTS software. This routing is terminated one, the total number of 
oytesiseo^tomevalueoftheCVDR. Once the routing is terminated, CPU 20 sets the value of 

CVDRbackto 0(718). 

M ^y,teVTSsofi»»n ! onCPa20p«fcn»s-lof the logic* irn«*ionsofthe<lat« 

^rrcm.tr.rradem. For«^le.a«<^m»y^M^^* eraorVISM 
20,^ the RSM85 module ncBeo*. Therefore, the VTS software obtains the data and 



On the other hand, data received without VTS or VTS-RF subsystem identification is 
^^^^m^^^^^'^^ ™ combiner* 
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sends this data through both ports 5 and 6, the slave ports (722). Contn>Uer 22 and utility 
monitor 24 receive the data simultaneously, wherein they each check the data to determine 
whether it is data which is acceptable for processing. In other words, controller 22 and utility 
monitor 24 check the CTS line (726) to determine whether the port combiner CTS has been 
raised(728). Then, the matching controller/controller-RF or utility/utiUty-RF sub-system (can 
only be one), raises the RTS line (730) and accepts the data for processing. Port combiner 46 
then drops the CTS line to the other slave port (either port 5 or 6) (732), and the data is received 
and transmitted by the modem (734). Any mformation request within the data is processed by 

the respective sub-system that accepts the data. 

Additionally, the VTS or VTS-RF sub-system monitors the CTS line state of modem 50 
(740) as well as the ready to send (RTS) line state of the master port of port combiner 46 (742). 
The VTS or VTS-RF sub-system, having data to be sent to a remote computer, checks bom lines, 
and if CTS is raised on modem 50 and the RTS is dropped from port combiner 46, the VTS or 
VTS-RF sub-system forces port combiner 46 to drop the CTS, thereby disabling port combiner 
46(744). The respective slave ports are subsequently dropped as well, to prevent any data 
collision. Now, the data is sent to modem 50 by the VTS software (746), which is then 
totted by modem 50 (748). Thereafter, control of the CTS line of port combiner 46 is 
restored, and the system again determines whether CD has been raised (702). 

Further, referring to FIG. 25, port combiner 46 emulates the CTS line of modem 50 on 
both slave ports (ports 5 and 6). Once the CTS line is raised, the sub-system (either controller or 
utmty), teving ready to be sent to a remote computer, will raise its RTS line. The port 
combiner then raises its master port RTS line to the modem, while port combiner 46 drops its 
CTS line to the alternate slave port, effectively preventing any data collision. Thereafter, the 
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data is transmitted. 

Lastly, port combiner 46 measures the speed of data bit transnussion. Based on the speed 

port It then raises the CTS line to the alternate slave port Also, the lowering of the RTS line by 
the transmitting sub-system will cause port combmer 46 to rarse the alternate slave port CTS. 



CPU NETWORK DATA 

Turning next to FIG. 8, shown is a block diagram of the CPU netwoik data operations 
.^M.^.-b^.f*-!-— Acc^t°them*«t i on,.heCPU 

system (OS) of CPU 20 contains the necessaiy software to facilitate data flow in synchronous, 
asynchronous, and isynchronous formats. 

Initially, upon CPU network data begin (800), the system checks to see if CPU 20 is 
0,^(802). If not men the bridging circuit remains 

lts power 1S restored (836). On the other hand, if CPU 20 is operational, then the bridging rircirit 
* opened (804), and CPU 20 sets the Vendor Tracking Activity counter/timer (VTA) to 0 (806), 
and sets the Controller Network Activity counter/timer (CNA) to 0 (808). 

It is important to note here that CPU 20 inmates at least two clock counters. The first 

eonnt.istheC^ 

between data packets flowing through the RS-485 network from, and to, controller 22. The 
second counter is the VTA, which tracks the time elapsed since the last data was sent to the VTS 
modules. Note, the CPU network complies with the Electronics Industry Association (E1A) 
standards for R5M85 balanced voltage digital interface circuits. 
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Consequently, all CPU network data packets begin with addressing bit(s). Here, all 
modules have a discrete binary address, and each data packet transmitted on the network is 
generated by or passes through CPU 20. The data packets sent or received by controller 22 reset 
the CNA timer. The maximum time elapse between controller 22 or module 32 data exchange is 
stored as a dynamic system variable. The CNA variable is monitored by the operating system 
(OS). The OS maintains the second variable Last Controller Network Activity (LCNA). The 
LCNA retains the last value of CNA in one millisecond (1 ms) intervals. Also, the LCNA 

facilitates system diagnostics. 

Controller 22 actively communicates with its modules) 32, 42, thereby creating a distinct 
timing pattern in respect to the data exchange. Each moduli) 32, 42 cornmunicate only as a 
response from controller 22. Additionally, controller 22 can only verify modules) 32, 42 
opcranonbyatimelimitanonformo^ This time limit is unique to each 

equipment maniifarfurer, i.e., ranging from 50 milliseconds to several minutes. This inherent 
timing element is used by CPU 20 to communicate with VTS modules) 30, 40, or to control 
and/or communicate with any other module(s). 

Next,medatar^etistrar^^ 
Then, CPU 20 routes the data packers) to the on-board RAM (812), and sets the system variable 
ControUerDataPacket(CDP)tothelogicstateof 1 (814). CPU 20 then checks the current timer 
value of VTA (816), which indicates the time elapsed since the last data was sent to the VTS 
modules. If the VTA timer has exceeded its limit, i.e., equal to, or greater, than 100 
nuUisecon^ 

to CPU 20 (824). Upon completion of the transrnission, the CDP, the VTA and the CNA are 
reset to 0(826, 806, 808). 
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O n ^o to ha» i ,if^da B p^wa S no. re cdvedb,CPU20,*eafl«b<« 11 CN Am d 
VTAt^contmn.^). Ttoo^eseitou^todaU packet is reoei^byCFU 20 

^c^itslWW Bao.sce.t-vedescripaon. If-..*-*-*-.— h 
raMmiB ed ftM »RAM»CPU20(8 1 8). B*^--il^«^»— *-"■«*•• 

CDP and CNA are »t to 0 (820, 80S), »lnle the VTA tew continues. 

address their datapaclcas only to controller 22. 
VTS SYSTEM ARCHITECTURE 

p^iefonn. Tne« S «c» i np». i ^o„h M oroU^«co» ro .op^iaU^52 
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on 



YES, NO, F3, F4, F5, F6, 1, 4, 7, 2, 5, 8, 3, 6, 9, 0, CLEAR and ENTER. 
VTS SOFTWARE 

The VTS software used to perform the vendor tracking functions in accordance with the 
present invention i, contained m and run by CPU 20. This software checks the software variable 
Last Module Data exchange (LMOD), which is modified by a subroutine. The subroutine 
determmes whether additional ^formation i, needed from the last module or whether to move 
to the next sequential VTS module. The LMOD is set to the binary address of module selected, 
and the VTS software generates the data request of module variable status and/or variable values. 

Next, CPU 20 requests the VTS module's address, LMOD, and logic function data. The 
co^letedatapac^ Also, the VTS software sets 

the variable VTS Data Packet (VDP) to 1 . Then, the VTS module matching the data packet 
address accepts the data, and the logic functions within the data packet are performed. 

VTS MODULE SOFTWARE 

Each VTS module within the BCIS system retains a complete library of screen displays 
a.dp^efmed variables. There an. several different embodiments of this VTS module. Each 
VTS module also contains a module rodent program, which can be rephcated. This particular 
appUcanonisef^veformemmti^tedataretrieva^ Additionally, the 

moduleresidentprogramcanb.specmc 

variables. Tnis is effective for multi-site retrieval of dissirnilar operations. Thus, within an 

e^BCIS system ac^rdmg to a preferred embodiment of ^ 

resident programs are a combination of replicated and site specific screen displays and/or 
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variables. This facilitates the efficiency of program replication while acconmiodBtmg the 

specific needs of all the operations. 

Referring now to FIGS. 13-15, shown are block diagrams representing a preferred 
embotot of the VTS manager acceptance, the VTS vendor check-m function and the VTS 
vendor check-out functions of the vendor tracking system m accordance with the present 
invention. 

In order for the VTS to function, the store manager (or other user of the system of this 
invention) must gain access to the VTS. As shown inFIG. 13, a preferred embodiment of this 
acceptance is demonstrated. Banning with Manager Acceptance Begin (1300), the user views 
and inputs data into operator interface terminal 52 using the control keys, as described above. 
On screen 54, the VTS system informs the user that he/she has accessed the VTS system (1 302) 
(«*. the message "Welcome to the Vendor Tracking System" may be displayed on screen 54 of 
operator mter^ terminal 52). The system would then prompt the user to enter a PIN or 
purchase order number (1304). This provides both a form of secunty for the user and a method 

of organization of the users vendor tracking needs. 

Now that the user has entered either a PIN number or a purchase order number, the 
systemchecks to see whichonewas ^. P ^««d«»-id«(lWor.PIN«»b« 
(1310). If a purchase order number was entered, the system refers to the vendor check-in 

below. On the other hand, if a PIN number was entered, the system then checks to sec if the 
vendor completed his check-out (1312). If not, the system notes "Work Incomplete" and 
suggests contacting the office to answer any questions (1314). If the vendor did complete his 
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working (1316), and prompts the user to input (YES/NO) for whether this time is correct (1318). 
If NO, then the system informs the user to contact the vendor for clarification (1320), and then 
ternuna tes the process (1322), possibly displaying on screen 54 the message "Goodbye and thank 
you!". If, however, YES is entered, then the user is further prompted to rate the vendor's 
performance (1324), for example, by entering 1 for poor through 5 for superior. The system now 
tenninates (1322), possibly display^ 

this point, all data inquiries are complete (1326), and operator interface terminal 52 again 
welcomes the user to the system (1302). 

Referring next to HG. I4>^»*v*^**>*^*tov^*^ 
operation of the VTS system according to the present invention. If the system sees that a 
purchase order has been entered Qm()3M<MK).totoW!^V«&*"w** 
enter whether the vendor has completed the check-in (1412). If YES is entered, the system refers 
the user to vendor check-out (see description below for FIG. 1 5). If NO has been entered, 
operator interface terminal 52 displays a message on screen 54 infonnmg the user to check-out 
whenever the user leaves the store (1416). At this point the system declares all data inquiries 
complete (1418) and returns the user to the welcome menu (1402). 

Turning now to FIG. 15, shown is a preferred embodiment of the vendor check-out 
operation of the VTS system according to the present invention. If the system sees that a 
|B ^o^l-l»»-^a51W« 0 «™ 14X1308 of FIG. 13), then the system 
pn^ptsmeuserto enterwhe.herme vend^ 

14 ). If NO is entered, the system refers the user to vendor check-in (see description above for 
FIG. 14). If, on the other hand, YES is entered, operator interface terminal 52 displays a prompt 
asking the user whether the work is complete (1516). If the response is NO, the system asks 
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whether the user wiU return today (1 520). If the response is NO, the system informs the user to 
contact the store's office (1522), and terminates the process with a message like "Goodbye and 
thank you!" (1526). If the user indicated that the work is complete, the system prompts the user 
to enter any material cost (1518) (or for any other information desired by the store), and then 
^^to^^m-** 1 *^*^^^ Finauyiftheuser 
did not complete the work and responded that the he/she would return the same day, then the 
system merely informs the user to check-in again when he/she returns (1 524) , and then 
te^fceprocess^^ At this point the 

system declares all data inquiries complete (1518) and returns the user to the welcome menu 
(1502). 

REMOTE RF MASTER ARCHITECTURE 

Referring next to FIGS . 20-22C, an alternate embodiment of RF master 26 is shown 
which uses the same enclosure as RF satellite 36 and is positioned remote from CPU 20 rather 
than being incorporated into the enclosure of CPU 20. In this embodiment, wireless 
communication is established to station modules by RF master 26 and synchronized to both 
freo^ hop and spread spectnnr, Both RF master 26 and station modules are provided with 
indicators 76 forvisual verification. An example of an enclosure having such indicators is 
one manufactured by Nomadic Technologies. 

Additionally, this embodiment of the present invention includes an additional RS-232 
DB9connector,asshownmnG.21. ^**^W*~*^<*^*** 
applied to the respective RJM85 networks) for both conversion and data flow control. 
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RF SATELLITE ARCHITECTURE 

As shown in FIGS. 20-22C, the architecture of RF sateUite 36 is the same as RF master 
26 as a remote device. Included in the enclosure are LED indicators 76, external antenna and 
mounting 74, an RS-485 DB9 connector 80 and power connector 82. Such a device is 
manufactured by Nomadic Technologies. This invention further embodies a second connector, 
an RS-232 DB9 connector 78. Similar to the remote RF master 26, this RF satellite 36 embodies 
analog to digital converter (ADC) 212, a ROM table for data acquisition from ADC 212 and 
supporting software to facilitate ROM access and retrieval. Also, it may include digital 
conversion circuitry which is applied to the respective RS^85 networks) for conversion and 
data flow control. 

RF NETWORK PROTOCOL 

Referring now to FIG. 9, shown is ablock diagram of the RF network protocol (900). 
Here, wrreless onnmumcation is established by RF master 26 («» FIG. 2A) with RF satellite^) 
36(alsoseeFIG.2A). In a preferred embodiment, both RF master 26 and each of RF satellite 
36 are synchronized to frequency hop and spread spectrum algorithms. Completion of this 
operation is visually verified by the carrier detect (CD) indicator on RF master 26 and RF 
satellite 36. 

Initially, the system checks to verify that RF master 26 is operational (902). If not, the 
RF network protocol ends (918). However, if RF master 26 is operational, then it transmits its 
master identity and logistical data, i.e., preprogrammed variables that include primary frequency 
and frequency hop algorithms, to RF satellite^) 36 (904) where the system checks to verify 
whether it/they are operational (906). Again, if not, then the RF network protocol ends (918). 
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by RF satdlta ««> «« ™ iable ""fi^ 0 "- 

prtaay ftequtocy and bop algorithm. 

l ..^-*«*-*.--«--•*- , » t ** ,,04,,,,, '• ,-, " 

5 advantage of this invention. 

^of^^^™^^^"^'"" 
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theRS-mnowofinfonnalion. The RS-232 senal communication described here is not 
r^sponse-nme dependent. On the other hand, the receiving device of an RS-232 data 
transn.ssion may piovxde a response. However, the time elapsed before sending the response is 

not tracked as a performance threshold. 

Initially, RS-232 data was divided into packets for wireless transmission. How controls 
were asserted or negated by both the trar^tting device and the wireless device. This provided 
sufficient time for data packetizing and prevented any data collision. The stream of data of an 
RS-232 communication is unrestricted in data stnng length. That is, me strmg may range from 

bytes to thousands of consecutive bytes, thereby causing RS-232 communication to be 

often referred to as a data stream. 

In contradistinction, the present invention incorporates accelerated data broadcast timing. 
The RS^85 data is, by its nature, packetized. Therefore, the data packet processes of wireless 
OT um<^on are streamlined. Additionally, the RS-485 communication format employs 
certain limits of minimum and maximum data string length. This is necessary to accommodate 
^^^mrn^c^^^^^ m admtion, excessively long data strings 
would conflict with the tuning function for slave operation verification by controller 22 or VTS 
sub-system 316. 

The prior art technology is improved by this invention by limiting the control of wireless 
data trar^on to 3 trigger variables. These trigger variables are stored in non-volatile 
memory of RF master 26 or RF satellite 36. Any single, or combination of, trigger variables can 
initiatemewirelesstransmission- that is, to transmit, either wirelessly or conventionally, all of 

the buffered data immediately. 

Daustrmglengmlim.ts are defmed within RF master processor IC 106 and RF satellite 
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processor 206. Each counts the number of data packets within the data string it has received on 
itsrespecuveRS-485 network. Once the maximum taut is reached, the buffered data is 
lately sent by RF master processor IC 106 and/or RF satellite processor 206 to the RF 
transceiver IC 104, 204 for wireless transrrussron. This function occurs independent of the other 
tngger variable, To ^mpleme^tth^ the data received by RF master processor IC 106 and/or 
RFsatemte processor 206 from the RF transceiver IC 104, 204 is immediately transmitted on its 
respective RS-485 network, once the maximum limit of data packets is reached. Tins function 
also occurs independent of the other trigger variables. 

However, RF master processor IC 106 and RF satellite processor 206 retain a trigger 

variable for any network inactivity. BM*wa^tott«*to~*««**» 
RS485 network. Network inactivity, meaning no data flow, in excess of this trigger variable 
value causes the buffered data immediately sent by RF master processor IC 106 and/or RF 
satellite P roces S or206 to the RF transceiver IC 104, 2(M for wireless transmission. This allows 
data strings, under the maximum data string limit, to transmit within acceptable time constraints. 
Again, this function occurs independent of the other trigger variable,. As a complement here, 
data received by RF master processor IC 106 and/or RF satellite processor 206 from RF 
transceiver IC 104, 204 is immediately transmitted on its respective RS-485 network - once this 
time based trigger is exceeded. This function also occur^independent of the other trigger 

variables. 

Furth er, RF master processor IC 106 and RF satellite processor 206 retain a trigger 
variable which contains specific reference byte(s). These bytes are commonly referred to as 
delimiters. Delimiters) are repetitively used bytes that, among other things, can indicate the 
beginning or end of a data string. 
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Each manufacturer typically employs a unique language forRS-485 communication 
between the master and slave devices. The delimiters are stored in the non-volatile memory of 
RF master processor IC 106 and/or RF satellite processor 206. RF master processor IC 106 
and/or RF satellite processor 206 recognition of a delimiter causes the buffered data to be 
immediately sent to the RF transceiver IC 104, 204 for wireless transmission. This function also 
occurs independent of the other broadcast variables. To complement this, the data received by 
RF master processor IC 106 and/or RF satellite processor 206 from the RF transceiver IC 104, 
204 is immediately transmitted on its respective RfM85 network - once a delimiter is 
recognized. Finally, this function occurs independent of the other trigger variables. 

Referring now to FIG. 1 0, shown is a block diagram representing a preferred embodiment 
of the RF operations in accordance with the present mvenrior, First, the RF operations begin 
(1000) and the system checks to see if any data has been received on the RS-485 port (1002). If 
not, the system checks to see if any wireless data (1006) has been received. If the response here 
is also NO, men the RF operation is idle and it continues to check for the receipt of data (either 
wirelessly or on the port RS-485) (1018). 

On the other hand, if data is received on the RS-485 port (1002), then the data bits are 
routed through data converter 28 (1004), wherein the data is checked for any trigger variables 
(1008). Alternatively, if the data was found to be recrived wirelessly (10^ 
are not routed through data converter 28, but, rather, are immediately checked for any trigger 
variables (1009). Since there are three types of trigger variables (i.e., data string length, network 
inactivity, and delimiter) for both data received on RS-485 port and wireless data, the system 
looks, independently, for each of them (1010, 1012, 1014, and 1011, 1013, 1015, respe^rvely) 
until one is found. 
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At this point, the system sends the current data string, originating from the RS-485 port, 
to the RF radio transceiver for its transmission (1016). Alternately, the system routes the current 
data string, wireless origination, through the data converter 28 (1005). This data, being 
successfully converted is sent to the BS485 transceiver for transmission (1017). This RF 
operation ^^W^tt^^*^*^**^^ 1 ^ 

RF SATELLITE UTILITY DATA 

Each RF satellite 36 is equipped with an analog to digital converter (ADC) 212, such as 
manufactured by B & B Electronics, or another comparable product ADC 212 is accessed 
through the DB9 serial connector 78, shown in FIG. 21 -pin 1 is system ground, pin 3 is analog 
input 1, pin 4 is analog input 2, pin 5 is analog input 3, pin 7 is analog ground reference. Also, 
satellite utility node(s) 44 are connected, by wire, to the DB9 connector 78. 

In a preferred embodiment, up to three discrete analog inputs are available at the DB9 
c^necto^S. The total number of input capability can be increased or decreased based on the 
ADC 212 IC installed. The analog ground reference, pin 7, is used collectively by all utility 
nodes 44 connected. The discrete analog outputs of utility node(s) 44 are connected individually 

to the DB9 connector pin(s) 3, 4, and 5. 

When the RF utility monitoring system begins (1 100), RF satellite processor 206 scans 

fcecunentbitoutoutof^^ 

206 then retrieves a new set of current data bits from the ADC 212 (1 104), representing each 
independent utility node 44 output, w«h each scan. These data bits are sent to and stored in a 
fixedUtmtyDataBit^ 

fixed UDB RAM locations are designated as UDB 1 , UDB2, UDB3 , to correspond with its 
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discrete analog mput to ADC 212 and total number of ADC 212 inputs. With every scan, the 
exrsting data bits in UDB RAM are relocated to a second fixed UDB RAM location (1 108), 
referred to as last utUity data bits (LUDB). Multiple LUDB RAM locations are designated 
LUDB1, LUDB2, LUDB3, to correspond to its previous RAM location. 

RF satellite processor 206 then compares each UDB with each LUDB, respectively 
(1110). tomeever^thatadirferent bit value is identified, the Change ofState (COS) logic 
variable is changed to the logic stateof 1 (1114). Multiple COS variables are designated as 
COSl, COS2, COS3, thereby corresponding with its discrete ADC 212 input The 
eo^esponding UDB is then moved to a final RAM location (U 1 6) referred to as New Utility 
DataBits (NUDB) (1118). MultipleNUDB RAM locations are designated as NUDB 1 , NUDB2, 
NUDB3, thereby eroding to its discrete ADC 212 input The respective COS logic 
variable is then changed back to the logic state of 0. 

Note, more than one NUDB can be generated for each ADC 212 input during the time 
elapse between RF satellite processor 206 data transmissions. Here, thirty-two (32) NUDB 
variablescanbeassigr^to The multiple, or stacked, NUDB variables for 

each ADC 212 input are accessed in descending order by RF satellite processor 206. 

Next the data packets received from the modules on the RF satellite network 18 trigger 

RPsatemtepr^^ 

212 input (1120). The binary value of the to tal count 1S added, as a single byte, unmediately 
behrndtheleaoingdatab^Om). The leadmg data byte(s) repress 

logistics, t**^^^^"^^™-***"--** 

sateUite network 1 8, are next in the data string. 

RF satellite processor 206 then directs the conversion of ADC 212 data bits to bytes 
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(1 124). This is accomplished by routing the each NUDB binary value to the ROM input/output 
buffer (ROM I/O). The ROM I/O locates the byte equivalent of the NUDB data bit values. The 
ROM table byte contains the corresponding output number and new output value. The ROM I/O 
Wfclh««Ddiftel^.)toBF^I«~206. In turn, the byte(s) are added to the 
endofthecurrentdatastnng(1128). In turn, RF satellite processor 206 sends the completed 
data stnng to the RF transceiver 204 for transmission to RF master 26 (1 130). All NUDB RAM 
is then cleared by RF satelhte processor 206, and the prc^s is then repeated at block (1102). 



RF MASTER UTILITY DATA 

Tunringnextto FIG. 12, upon receipt by RF satellite processor 206 of utility information 
from utility node 44, RF satellite 36 immediately transmits the data to RF master processor 106 
and the RF master utility cat, process begins (1200). Here, the NUDB count byte is first 
extracted from the data string and is received by RF master processor 106 (1202). Tins byte 
mfonns RF master processor 106 to extract the last number of byte<s) identified by NUDB count 
byte from the data stnng for use as utility data (1204). This data is not relayed to the respective 
RS.485 network. Rather, RF master processor 1 06 routes the NUDB byte(s) (1206) to the RS- 
232 transceiver** serial data transrmssiontt™ugh the DB9 serial 

D AC is connected to this DB9 serial port, through which it receives the data packet containing 
fcediscreteoutputnur^ The DAC then performs the logical 

function to change the state of the selected output point from analog to a voltage, milliamp, or 
digital response (1212). The output port(s)ofthe DAC are wired to the inputs 
24,respe«ively, to s« Tnis process is then 

repeated at block (1202). 
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DATA CONVERSION - GENERAL 

Turning now to FIGS. 23 and 24, repeated are the RS-485 to RS-232 conversion 
circul try of a preferred embedment of the present mvenuon. This circuitry is incorporated into 
both RF master 26 and RF satelhte 36 enclosures). Further, this is an economical alternative*, 

(^wireversionofanRS^S network. An RS-485 network can reliably support multiple nodes, 
andis an efficient method to distnbute the logical processes of a control system through a 
network, thereby reducing the process demands of the master device. 

As an alternate embodiment of the two (2) wire RfM8 5 transceiver integrated circuit (IC) 

Line A and Line B represent the negative and positive communication lines of RS-485 digital 

UneG repress the cable shield, also 

reWtoasadrain. Line A and Line B of RS-485 transceiver IC 112, 210 driver (D) and 
receiver (R) are not connected. Also, the RS-485 to RS-232 conversion circuitry is modified by 
independently biasing and terminating Line A and Line B. 

Another embodiment is RS422 transceiver IC installed in place of the RS-485 
transceiver IC 112, 210 shown. The basic circuit design remains unchanged, however, the 

biasing andternm^onresis^ 

Another embodiment is RS^23 transceiver IC installed in place of the RS^85 

.ranscoiverlCl^ 

and tenninauon resistance require adjustment, in accordant wuh EIA standards. 

The above embodiments illustrate only three alternate sub-system communication 
architectures. Tae intent of this invention is to accommodate the vanety of current digital 
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interface circuit, while allowing future enhancements to be incorporated. Additional 
^bodiments include coaxial, twisted pair, and fiber optic connectors, with their associated 
transceiver ICs, which facilitate wide area network (WAN), and local area network (LAN) 

application^). 

Another embodiment provides DB9 connector 78 as an RS-232 serial port This 
configuration allows the use of the variety of standard converters currently manufactured. 

Certain manufactures employ a proprietary digital interface. Thereto this embodiment 
facilitates the use of non-standard sub-system communication architecture. The use of a 
proprietary digital mterfacein^^ 

incorporation into RF master 26 and RF satellite 36, and therefore, a manufecturer could provide 
the RS-232 converter without compromising its architecture. 

In addition, this embodiment allows direct application of RS-232 devices in a multi-node 
configuration. This embo<liment employs similar data transfer as described in remote 
communications. RF master 26 or RF satellite's) 36 supporting multiple RS-232 devices 
incorporates port combiner 46. Port combiner 46, as described above, i, installed in a cascade 
configurahon up to the number of RS-232 devices attached. Each of port combiner 46 functions, 
as described above in greater detail allows capture and release of the data path by the 
tta^^device. Urns, a single RS-232 device «^toRFn^26orRFsatettite36 
is connected directly to the DB9 external connector, respectively. 



REMOTE RF MASTER DATA CONVERSION 

Referring first to FIG. 23, RF master processor (106), within RF master 26 (se, FIG. 2A), 
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O^utandCRISUgicOutputout^lowc.dtovaluesofO. The raised RTS Logic Output 
enables RS-232 Transceiver IC (108) driver (D) and is inverted by the RS-232 Transceiver IC 
receiver (R). This inverted output of RS-232 Transceiver IC (108) receiver (R) is connected to 
th eRTS P inofADCDB9 External Connector 214. Then, the lowered RF RTS Logic Output 

enables to^M*****-^**™***^™^^ 

en ablesthereceiver(R)ofRS^5Tn n ^verIC(n2). This is the condition that occurs when 

network acuity is not present or when the network is in the Usterung state. 

Inthis listening state, RF master processor 106 is waiting for network activity, or data 
t.ansnns.on, from either RF Transceiver IC (104) on RD RF Logic Input, or RS-485 
Transceiver IC (112) on RD Logic Input 

RF TO RS-485 CONVERSION 

Upon the leading edge of the first data bit receded from RF Transceiver IC (104) on the 
RD RF Logic Input, RF master processor (106) lowers the RTS Logic Output, which enables 
RS-232 Transceiver IC (108) receiver (R). The RTS Logic Output is then inverted by RS-232 
Trar^eiverlCdO^receiverCR). The inverted output of RS-232 Transceiver IC (108) receiver 
(R) is then rarsed, and the leading data bl t(s) identify the data stnng as controller data, VTS data, 
and/or utility data packets. 

CRTS Logic Output ThU, a ^.«RS^5T^«=IC(112)dnv«(D),a«dRF, mfle r 
,^(,06) ecu*!** i« *-i * including VTS and/orUuii* d-p^ 
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CRTS Logic Output in one clock cycle, thereby disabling RS-485 Transceiver IC (1 12) driver 
(D). 

Second, RF master processor (1 06) routes any VTS data to RAM, and raises the CRTS 
Output This enables RS-485 Transfer IC (1 12) dnver (D). The RF master processor 
(106) completes its logical functions, mcluding controller and/or utility data processes, and 
^ts VTS data through the SD Logic Output RF master processor (106) then lowers the 
CRTS Logic Output in one clock cycle after the data transmissxon. Then, RS-485 Transceiver IC 

(112) driver (D) is disabled. 

Third, utility data is routed to the RAM of RF master processor (106), which lowers the 
RTS Logic Output and the CRTS Logic Output This enables TTL Transceiver IC (110) driver 
(D) and recewer (R), and the lowered CRTS Logic output disables RS-485 Transceiver IC (1 12) 
driver (D). RF master processor (106) completes its logical functions, including VTS and/or 
Utility data processes, and transmits the utility data. RF master processor (106) then raises the 
RTS Logic Output in one clock cycle after data transmission. 

Lastly.RF master processor (106) — 
tn.nsmission of each type of data, whether controller, VTS and/or utility, is completed. 

RF MASTER DATA CONVERSION - (RS-485 TO RF) 

This data conversion begins wnhRF master 26 in the Ustening state. Upon the leadmg 
edge of the first data bit received fro, RS-485 Transcerver IC (1 12) on the RD Log* Input, RF 
^^rim™***™™^^ TheraisedRFRT^LogicOutput 
enables RF Trauscerver IC (104) driver (D), wherein the leading data bi<s) idenUfy the data 
stnng as controller data and/or VTS data packets. The data is then routed to the RAM of RF 
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master 26, and RF master processor (106) completes its logical functions, including the utility 
data processing. 

Next, RF master processor (106) transmits the data on SD RF Logic Output, at which 
time RF master processor (106) lowers the RF RTS Logic Output m one clock cycle after data 
tn^on. Tnen, RF Transceiver IC (104) dnver (D) is disabled, and RF master 26 returns to 
its bstening state at the next clock cycle after ttam ^«c*ly*«*+b<»>***. 
whether controller, VTS and/or utility. 

RF MASTER DATA CONVERSION - (RF TO RJM85) 

This data conversxon process again begms with RF master 26 m the listening state. 
Again, the data is then routed to the RAM of RF master 26, wherein the leading data bit(s) 
identify the data stnng as controller data, VTS data and/or utility data packets. Next, RF master 
processor (106) routes controller and VTS data to the backplane communication bus of CPU 20 
forprocessing. RF master processor (106) then completes its logical functions, including the 
utility data processes, and RF master processor (106) returns to its listening state at the next 
clock cycle after data transmission of each type of data is completed, whether controller, VTS 
and/or utility. 



RF SATELLITE DATA CONVERSION - (RF TO RS-485) 

Tunringnow to FIG. 24, this data conversion process begins with RF satellite 36 (see 
HG.2A)mmetistemng state. As with the RF MASTER DATA CONVERSION, upon the 
leadinge dgeof*efn*datab^ 
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(206) lowers the RTS Logic Output This lowered RTS Logic Output enables RS-232 
Transceiver IC (208) receiver (R), and the leading data bit(s) identify the data string as controller 
data, VTS data and/or utility data packets. 

Here, the controller and VTS data is routed to the RAM of RF satellite processor (206). 
RF satellite processor (206) then raxses Us CRTS Logic Output. This enables RS-485 
Transceiver 10(210)^(0). Then, RF satellite processor (206) completes its logical 
functions, deluding the utility data processes, and transmits the controller and/or VTS data. 
Then, RF satellite processor (206) lowers the CRTS Logic Output in one clock cycle, disabling 
RS^5Trar«*eiverIC(210)driver(D). Thereafter, RF satellite processor (206) returns to its 
Ustering state at the next clock cycle after the data transmission is completed. 

RF SATELLITE DATA CONVERSION - (RS-485 TO RF) 

Tnis data conversion process again begins with RF satellite 36 in the listening state. 

processor (206) raises the RF RTS Logic Output This raised RF RTS Logic Output enables RF 

Transceiver IC (204) driver (D). 

Again, the controller and VTS data is routed to the RAM of RF satellite processor (206), 
wherein RF satellite processor (206) completes its logical functions, including the utility data 
processes, and transmits the controller and/or VTS data. RF satellite processor (206) then lowers 
the RF RTS Logic Output in one clock cycle, disabling RF Transceiver IC (204) driver (D), and 
RF satellite processor (206) returns to its listening state at the next clock cycle after the data 
transmission is completed. 
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dRCUTT COMPONENT SPECIFICATION 

As depicted in FIGS. 23 and 24, the data conversion circuitry include the following: 

1) Rl and R3, which represent 4700 ohm, 1/4 watt resistors to provide 
network biasing; 

2) R2, which represents a 120 ohm, 1/4 watt tarnination resistor, and 

3) R4 and R5, which represent 100 ohm, 1/4 watt resistors, signal ground to 
earth ground and earth ground to case ground to electrical distribution 
system ground, respectively. 

As shown, Rl and R3 create a negative two hundred (-200) millivolt difference between line A 
and Line Bin a network idle state. The terrnination resistor, R2, is applied across Line A and 
Line B to reduce reflection of the transmitted signal on the cable. Then, R4 and R5 are used to 
^ the ground potential currents. In FIGS. 23 and 24, Line A and Line B are the 
education lines of the two (2) wire RS-485 network. Additionally, a positive two hundred 
(+ 200)mMvoltcor^^ 

two hundred (-200) millivolt condition from Line A to Line B represents the logic state of 1 . 

While the present invention has been described with reference to one or more preferred 
emt cdiments, such embodiments are merely exemplary and are not intended to be limiting or 
represent an exhaustive enumeration of all aspects of the invention. The scope of the invention, 
therefore, «b. drfhrf^lV *• «^««~ Furto. it wiU be apparent to thereof 

skiU in the art that numerous changes may be made in such details without departing from the 

spirit and the principles of the invention. 
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What is claimed is: 

1. An integrated building control and information system with wireless networking 
comprising: a communication media means; 
a central processing unit; 
a controller device; 
a utility monitoring device; 
a port combiner, 
a first data converter, 
at least one first wired module; 
at least one second wired module; 
at least one wired utility node; 
a radio frequency master device; 
a radio frequency satellite device; 
a second data converter, 
at least one first satellite module; 
at least one second satellite module; 
at least one satellite utility node; 
wherein at least one o f said first wired module, said second wired module, said W 
utility node, said at least one first satellite module, said second satellite module and said satellite 
utility node receives and transmits data to ^ 

satellite device and said radio frequency master device using said satellite data converter and » 
data converter. 
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FIGURE 5A 
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FIGURE 6F 
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